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Coding and Non-Coding Polymorphisms in Alcohol
Dehydrogenase Alters Protein Expression and
Alcohol-Associated Erythema
Lynn K Pershing1, Yuexian Chen1, Ariana N. Tkachuk2, Holly L. Rausch1, Kasia Petelenz-Rubin1,
Judy L. Corlett1 and Maurine R. Hobbs2
Ethanol (EtOH), isopropyl alcohol (IPA), and propylene glycol (PG) increase topical drug delivery, but are
sometimes associated with erythema. A potential genetic basis for alcohol-associated erythema was
investigated as the function of polymorphisms in coding and non-coding regions of class IB alcohol
dehydrogenase (ADHIB) and evaluated for altered gene expression in vitro and metabolic activity in vivo via
altered skin blood flow (Doppler velocimeter) and erythema (reflectance colorimeter a*) following topical
challenge to 5M EtOH, IPA, PG, and butanol (ButOH). Promoter polymorphisms G-887A and C-739T and exon
G143A form eight ADHIB haplotypes with different frequencies in Caucasians vs Asians and exhibit variable
gene expression and metabolic activity. Polymorphisms C-739T and G-887A independently alter gene
expression, which is further increased by IPA and PG, but not EtOH or ButOH. EtOH and ButOH increase
erythema as a function of skin blood flow. IPA increases skin blood flow without erythema and PG increased
erythema with decreased skin blood flow, all as a function of ADHIB haplotype. PG-induced erythema was
uniquely associated with tumor necrosis factor-a expression. Thus, erythema following alcohol exposure is
alcohol type specific, has a pharmacogenetic basis related to ADHIB haplotype and can be functionally
evaluated via Doppler velocimetry and reflectance colorimetry in vivo.
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INTRODUCTION
Topical glucocorticosteroids are widely used in dermatology
practice for the treatment of inflammatory dermatoses
including psoriasis, dermatitis, and lichen planus. These
products produce a blanching response in human skin, also
known as the vasoconstrictor response, which has been used
as a surrogate marker to compare potency, bioequivalence,
and bioavailability of dermatologic products (Cornell and
Stoughton, 1985; Stoughton, 1992; FDA Guidance, 1998).
The skin blanching response is highly variable in humans.
Dermatologic corticosteroid products often contain alcohols,
such as propylene glycol (PG) and/or isopropanol (IPA) to
increase drug solubility and enhance delivery of the drug into
skin. Preliminary studies (Pershing et al., 1999 abstr.; Rausch
et al., 2001 abstr.) demonstrate that commercial topical
corticosteroid products containing alcohol(s) can either
increase or decrease corticosteroid activity in human skin
compared with the same drug concentration in a vehicle
without alcohol(s). We hypothesized that alcohol and its
intermediary metabolism may play a role in the resulting
corticosteroid response.
Alcohol dehydrogenase (ADH) is primarily responsible for
alcohol(s) metabolism. There are seven ADH genes in the
human genome, all located within 380 kb on chromosome
4q21–23 (Yasunami et al., 1990; Edenberg, 2000) with varying
affinity and activity for alcohol(s), and a broad spectrum of
other substrates including hydroxysteroids, retinol, and
hydroxy fatty acids (Jornvall et al., 2000). Class I ADH is
composed of three genes, ADHIA (a.k.a. ADH1), ADHIB
(a.k.a. ADH2), and ADHIC (a.k.a. ADH3), which differ by
single-nucleotide polymorphisms (SNPs; Yasunami et al.,
1990). ADHIB and ADHIC are expressed in the differentiated
viable epidermis, fibroblasts, endothelial cells (Cheung et al.,
1999), as well as the upper third of keratinocytes around the
hair shaft, and lymphocytes, but is undetectable in pigmented
cells (unpublished personal observations).
Class IB ADH (ADHIB) is known to contain a number of
SNPs in both coding and non-coding regions of the gene
(www.genome.utah.edu/genesnps/) whose frequencies vary
as a function of Race (Roychoudhry and Masatoshi, 1988;
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(Osier et al., 2002). The G143A SNP in exon 3 is associated
with a nonsynonymous change of the amino acid
from arginine to histidine (R47H). This SNP changes
the pKa of the encoded protein from 8.5 to 10.0 that is
associated with 40- to 100-fold increases in Km and Vmax of
EtOH metabolism (Hurley et al., 1994; Edenberg, 2000).
Increased alcohol metabolism produces more aldehyde,
which causes vasodilation and is the accepted basis for
the alcohol flushing response to EtOH in Asians (Wilkin
and Fortner, 1986). We hypothesized that polymorphisms
in class I ADH may be associated with the erythema
observed following application of dermatologic gluco-
corticosteroid products containing alcohols. This study
evaluates 10 SNPs in the coding and non-coding regions of
ADHIB and ADHIC, establishes eight ADHIB haplotypes and
their functional association with erythema and altered
cutaneous blood flow in human skin in vivo following
topical alcohol exposure.
RESULTS
SNPs in class I ADH have variable frequencies in Asians vs
Caucasians
Evaluation of 1,000 bp upstream from the initiation site of
ADHIB and ADHIC revealed three SNPs in ADHIB and one
SNP in ADHIC. These four promoter SNPS, along with four
SNPs in the coding region of ADH1B (ID125, OMIM
103720), and two SNPs in the coding region of ADHIC
(ID126; OMIM 103730) were evaluated in the enrolled
Caucasian (n¼70) and Asian (n¼19) subjects (www.genome.
utah.edu/genesnps/).
Frequency of SNPs in class I ADH genes are significantly
different in Caucasians vs Asians (Table 1). The fast alcohol
metabolizing nonsynonymous G143A SNP discussed
above is more frequent in Asians (35% heterozygous
and 65% homozygous variant) than Caucasians (11%
heterozygous variant and 89% wild type). Other SNPs
in exon 3 of ADHIB (C171A and A178T) and in exon
5 (C1108T) were predominately wild type in both
populations and therefore removed from haplotyping
analysis.
In contrast, Asians are primarily wild type (94%) at SNPs
C-887A and T-752C in the promoter region of ADHIB,
whereas Caucasians demonstrate higher frequency of the
SNP (26% heterozygous andB19% homozygous variants) at
both locations. Asians are either homozygous (94%) or
heterozygote variant (6%) at C-739T in the 50 promoter,
whereas Caucasians are primarily heterozygous variant (56%)
or wild type (31%), but both populations demonstrate high
LD with the G143A SNP in exon 3.
SNP frequency in the 50 promoter, exons 6 and 8 in
ADHIC are also different between the two populations. SNP
frequencies of T-845C and G815A and A1048G in ADHIC
are higher in Caucasians (B24, 69, and 69%, respectively)
than Asians (6, 18, and 18% respectively).
Many SNPs within class I ADH are in high linkage
disequilibrium (LD); C-887A and T-752C in ADHIB have a
D0 value of 0.8 in Caucasians and 1.0 in Asians (Figure 1). All
three SNPs in ADHIC (T-845C, G815A and A1048G) are in
high LD with each other (D0 ¼1.0) in both populations. There
is also high LD between particular SNPs between ADHIB and
ADHIC in both populations. The ADHIB promoter SNP
(C-739T) and exon 3 SNP (G143A) are in LD (D0 ¼ 1.0)
with ADHIC promoter SNP (T-845C), exon 6 (G815A), and
exon 8 (A1048G) SNPs in both Race groups.
Table 1. SNPs frequency in class I ADH: Caucasian vs Asian
Caucasian1 Asian2
Gene Nt3 Aa4 *1/*15 *1/*2 *2/*2 *1/*1 *1/*2 *2/*2
ADHIB C-887A# 0.57 0.24 0.19 0.94 0.06 0.00
ADHIB T-752 C# 0.55 0.27 0.18 0.94 0.06 0.00
ADHIB C-739 T 0.31 0.56 0.13 0.00 0.06 0.94
ADHIB G 143 A R 48 H 0.89 0.11 0.00 0.00 0.35 0.65
ADHIB C 171 A N 57 K 1.00 0.00 0.00 1.00 0.00 0.00
ADHIB A 178 T T 60 S 0.95 0.05 0.00 1.00 0.00 0.00
ADHIB C 1108 T R 370 C 1.00 0.00 0.00 1.00 0.00 0.00
ADHIC T -845 C 0.76 0.23 0.01 0.94 0.06 0.00
ADHIC G 815 A Q 271 R 0.31 0.50 0.19 0.82 0.18 0.00
ADHIC A 1048 G I 350 V 0.31 0.50 0.19 0.82 0.18 0.00
ADH, alcohol dehydrogenase; ADHIB, class IB ADH; SNP, single-nucleotide polymorphism.
1n=63.
2n=17.
3nt=nucleotide.
4aa=amino acid.
5*allele 1=wild type, allele 2=contains SNP. #wild type (allele *1) is opposite of that listed in NCBI database.
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ADHIB SNPs form haplotypes with different frequencies in
Asians vs Caucasians
Given the high LD between the ADHIB promoter SNPs
C-887A and T-752C, and the high LD between ADHIB and
ADHIC, haplotyping was performed on three SNPS of ADHIB
only: C-887A, C-739T, and G143A. Combining heterozygote
and homozygote variants at each loci into a single haplotype,
eight ADHIB haplotypes were identified in Caucasians and
three haplotypes in Asians (Table 2). The majority of
Caucasians were predominantly haplotype ADHIB C
(44.3%), ADHIB B (21.4%), and ADHIB D (17.1%) with less
frequency of haplotypes ADHIB A (4.3%), ADHIB F (4.3%),
ADHIB G (4.3%), and ADHIB E (1.4%). Asians were
primarily ADHIB G (88.2%) with lesser amounts equally
distributed between ADHIB F (5.9%) and ADHIB H (5.9%)
haplotypes. This frequency distribution in ADHIB haplotypes
between the two populations is consistent with the known
high frequency of G143A SNP among Asians, and low
frequency in Caucasians (Table 1). ADHIB F and ADHIB
H haplotypes exist at lower frequencies in both populations.
ADHIB promoter SNPs are associated with a negative
regulatory region
ADHIB is known to have a negative regulatory region within
the 1,600 to 468 bp of the 50 promoter (Yu et al., 1994)
(Figure 2). Three ADHIB SNPs in the current study population
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Figure 1. LD between SNPs in ADHIB and ADHIC. (a) Caucasians, n¼ 70. (b) Asians, n¼19. Extent of LD assessed by D0 value ranging from highest (red)
D0 ¼ 1.0 (100%) to lowest (black), D0 ¼ 0.0 (0%). D040.80 (80%) considered to be significant.
Table 2. ADHIB diplotype in Caucasian vs Asian populations
Allele 1 Allele 2
ADHIB diplotype Allele pairs C-887A C-739T G143A / C-887A C-739T G143A Caucasian1 (%) Asian2 (%)
A 1/1 C C G / C C G 4.3 0.0
B 5/1 A C G / C C G 21.4 0.0
5/3 A C G / A C G
C 3/1 C T G / C C G 44.3 0.0
3/3 C T G / C T G
D 5/3 A C G / C T G 17.1 0.0
5/7 A C G / A T G
E 1/2 C C G / C C A 2.9 0.0
F 5/2 A C G / C C A 4.3 5.9
5/5 A C G / A C A
G 3/2 C T G / C C A 4.3 88.2
3/4 C T G / C T A
H 5/4 A C G / C T A 1.4 5.9
ADHIB, class IB alcohol dehydrogenase.
1n=70, relative frequency of ADHIB haplotype (%).
2n=17, relative frequency of ADHIB haplotype (%).
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lie within the negative regulatory region: two of those SNPs,
T-752C and C-739T are part of a negative regulatory element
2 (NRE2) (Yu et al., 1994), the other C-887A SNP is upstream
of the NRE2, but still within the general negative regulatory
region. No SNPs were detected in NRE1 in the current
population (Edenberg, 2000). The ADHIB promoter regions
containing 15 bp around the 887nt (50 993 to 979 30)
and 12 bp around the 739 nt (50 745 to 732 30) were
compared for consensus sequence among other known gene
NRE and response elements. Table 3 illustrates that the NRE
region encompassing the wild type or C-887A and C-739T
SNPs of ADHIB show some similarity among other NREs
previously identified in IFN-b (Nourbakhsh and Hauser,
1999), IL-8 (Nourbakhsh et al., 2001), and inducible nitric
oxide synthase (Feng et al., 2002).
SNPs in ADHIB coding and non-coding regions influence
expression and production
Given that the C-887A and C-739T SNPs lie within a known
negative regulatory region, we hypothesized that various
ADHIB haplotypes should have altered mRNA and protein
production. Lymphocytes isolated from known ADHIB
haplotypes A, B, C, D, E, and G were evaluated for ADHIB
transcript and protein concentration (Table S2) under basal
controlled conditions. Increased ADHIB expression is asso-
ciated with increased protein production (r¼0.92) (data not
shown). The extent of ADHIB production under basal control
conditions is ADHIB haplotype dependent (Figure 3). ADHIB
A, wild type at both 50 promoter loci and G143 in exon 3 is
associated with an intact NRE2 and low expression and
protein production (filled bar). The C-887A SNP in ADHIB B
or the C-739T SNP in ADHIB C deregulates the negative
regulatory region, thereby is associated with increased gene
expression and protein production. Unexpectedly, SNPs C-
887A and C-739T together (ADHIB D) decreased expression
and protein production twofold relative to the individual
SNPs. ADHIB E containing the G143A SNP in exon 3 with an
intact negative regulatory region in the 50 promoter was
associated with mRNA and protein concentrations similar to
ADHIB A. Combining the G143A SNP in exon 3 with the 50
promoter C-739T SNP (ADHIB G) was associated with both
increased mRNA and protein concentration threefold greater
than a SNP in exon 3 only (ADHIB E) and twofold greater
than C-739T SNP only (ADHIB C). ADH mRNA and protein
production in ADHIB F and ADHIB H were not evaluated
due to unavailability of lymphocytes. Thus, combinations of
SNPs in the negative regulatory region of the 50 promoter and
the coding region of ADHIB are associated with modulation
of gene expression and protein production.
Alcohol(s) further modulate ADHIB protein concentration
as a function of ADHIB haplotype. ADHIB produced in
cultured lymphocytes exposed to EtOH (diagonal stripe) was
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Figure 2. SNPs in the NRE2 of ADHIB and ADHIC 50 promoter. Net negative
regulation of ADHIB and ADHIC are associated with the general region
1,600 nt to 809 and 809 to 468nt in the 50 promoter of ADHIB and
ADHIC (Edenberg, 2000). ADHIB contains NRE1 located 336nt to 350 nt
and NRE2 located 743 nt to 732 nt in ADHIB which contain the C-887A,
T-752C, and C-739T SNPs. ADHIC also contains a known NRE in the region
containing the T-845C SNP.
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Figure 3. Alcohols alter ADHIB production as a function of ADHIB
haplotype. Data represent the mean of duplicate evaluations of ADHIB
protein concentration normalized to GAPDH in cultured lymphocytes from
subjects of six different ADHIB haplotypes. Solid bar¼ control, shaded
bar¼ EtOH, stripped bar¼ IPA, hatched bar¼ PG. ADHIB haplotype
represents C-887A, C-739T, G143A, where 0¼wild type, 1¼heterozygote or
homozygote variant. Raw optical densities at 260 nm of ADHIB and GAPDH
expression for ADHIB haplotypes is provided in Table S2.
Table 3. Sequence consensus of NRE2 in ADHIB vs
other genes
Gene bp 50 nucleotide sequence 30
ADH1B promoter SNP 11 (993) TTTT CCCT ATA (982)
(993) TTTT CACT ATA (982)
ADH1B promoter SNP 11 (745) TATT CATC TTC (736)
(745) TATT CATT TTC (736)
IFN-b promoter 11 (60) AATT CCTC TGA (50)
IL-8 promoter 11 (1,415) AATT CCTC TGA (1,405)
iNOS promoter 11 (6,749) AATT CCTC AGC (6,739)
Consensus 11 WWTT CMTC WKM
ADHIB, class IB alcohol dehydrogenase; iNOS, inducible nitric oxide
synthase; NRE2, negative regulatory element 2; SNP, single-nucleotide
polymorphism.
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not altered from their respective basal (filled bar) concentra-
tion in all the evaluated haplotypes (Figure 3, Table S2).
In vitro exposure to the branched alcohol, IPA (gray bar),
increased protein production in ADHIB A, C, and D, but not
ADHIB B, E, or G haplotypes. The branched diol, PG
(hatched bar), increased protein concentration associated
with ADHIB B and C containing the G-887A and C-739T
SNPs, respectively, had no effect on ADHIB A, D, and E, and
was associated with inhibited protein production twofold
from basal conditions in ADHIB G, containing the C-739T
and G143A SNPs. Only ADHIB C containing the C-739T SNP
was associated with increased protein production by both IPA
and PG. Thus, ADHIB protein production can be altered as a
function of both alcohol type and ADHIB haplotype.
ADHIB haploptypes are associated with skin blood flow and
erythema responses
Given that topical alcohol(s) exposure produces changes in
cutaneous blood flow in humans (Wilkin and Fortner, 1986)
and topical/transdermal drug products containing these
alcohols have been documented to produce an erythema
skin response (Fisher, 1995; Schachner et al., 2005; Reitamo
et al., 2004; Reygagne et al., 2005; Rozenbaum et al., 1996)
or allergic reactions (Lutz and El-Azhary, 1997; Bauman and
Kerkel, 1999), we hypothesized that some of these skin changes
are associated with ADHIB haplotype. Subjects previously
haplotyped for ADHIB were evaluated noninvasively for
erythema (a*) and cutaneous blood flow activity in volar forearm
skin following topical exposure to 5M aqueous alcohol solutions
of the linear chain alcohols: EtOH and butanol (ButOH), as well
as the branched chain alcohol, IPA and the diol, PG.
Cutaneous blood flow (millivolts) and erythema (a*)
following both EtOH and ButOH topical exposure was
associated with ADHIB haplotype (Figure 4a and c,
respectively). ButOH increased mean skin blood flow and
erythema two- to seven-fold greater than EtOH in 7/8 ADHIB
haplotypes. Skin blood flow (millivolts) following ButOH
exposure was increased to the greatest extent in ADHIB E, F,
G, and H containing the G143 SNP in exon 3. Increased skin
blood flow associated with ADHIB haplotypes containing the
G143A SNP is consistent with the well-known 40- to 100-
fold increase in alcohol metabolism to aldehyde and the
flushing response in Asians. EtOH and ButOH had little effect
on cutaneous blood flow in ADHIB B, C, and D containing
no SNP in exon 3.
IPA (gray bar) increased skin blood flow in ADHIB A and
E, which are wild type for both the C-887 and C-739 loci in
the 50 promoter (Figure 4b) with and without the G143A SNP
in exon 3, respectively. IPA increased erythema (a*) to a
greater extent than PG (hatched bar) in all ADHIB haplotypes
except ADHIB A (Figure 4d). PG decreased cutaneous blood
flow (millivolts) in 6/8 ADHIB haplotypes. Decreased
erythema (a*) and skin blood flow following PG exposure
was only measured in ADHIB F, G, and H, which contain the
G143A SNP with either C-887A or C-739T or both SNPs.
ADHIB A (containing no SNPs in the 50 promoter or exon 3)
was unique among the haplotypes in producing some
erythema (a*) to both linear and branched alcohols. Thus,
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Figure 4. Cutaneous blood flow and erythema is associated with alcohol type and ADHIB haplotype. Cutaneous blood flow (millivolts). (a) Linear chain
alcohols: EtOH¼ stippled bar, ButOH¼ filled bar. (b) Branched alcohols: IPA¼ stripped bar, PG¼ hatched bar. Baseline-adjusted, control site-corrected
cutaneous blood flow (millivolts) quantified by Doppler velocimeter 10minutes after residual alcohol removal for ADHIB haplotypes (n): A (1), B (8), C (19),
D (6), E (1), F (2), G (9), H (3). Mean7SEM. Erythema (a*). (c) Linear chain alcohols: EtOH¼ stippled bar, ButOH¼ filled bar. (d) Branched chain alcohols:
IPA¼ stripped bar, PG¼hatched bar. Baseline-adjusted, control site-corrected a*value by reflectance colorimeter using L*a*b* uniform color space 10minutes
after residual alcohol removal for ADHIB haplotypes (n): A (1), B (8), C (19), D (6), E (1), F (2), G (9), H (3). Mean7SEM.
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alcohols alter skin blood flow, with or without erythema as a
function of alcohol type, and is associated with ADHIB
haplotype.
Increased erythema (a*) in volar forearm skin in vivo
moderately correlated with increased cutaneous blood flow
(millivolts) following exposure to EtOH (r¼ 0.60) (Figure 5a).
ButOH produced larger changes in skin blood flow and
erythema (a*) (r¼0.76) and was superior in its ability to
differentiate between ADHIB haplotypes. The branched
alcohol, IPA (gray bar), and the diol, PG (hatched bar)
generally decreased cutaneous blood flow (millivolts o0)
and did not correlate with small increases in erythema (a*)
(Figure 5b). ADHIB F containing the C-887A and G143A
SNPs was distinct in being associated with the largest
increase in erythema (a*) to IPA with no change in skin
blood flow. Thus, erythema (a*) measured in vivo with linear
alcohols EtOH and ButOH is the result of increased
cutaneous blood flow quantified at the same skin site. PG-
and IPA-induced erythema (a*) responses, however, were
independent of skin blood flow (millivolts). The data suggest
that erythema (a*) may be produced to variable extents by
different mechanisms following topical exposure to linear vs
branched topical alcohols.
Erythema following exposure to alcohol(s) is assumed to
reflect vasodilation due to metabolism to aldehyde. Erythema
is also observed following exposure to alcohols (Latif et al.,
2002) in irritation/inflammation responses (Gilder et al.,
1993), and is associated with expression of proinflammatory
cytokines, such as tumor necrosis factor-a (TNF-a) and IL-1b
(Hunziker et al., 1992; Gottlieb, 2001). We hypothesized that
the extent of alcohol metabolism is influenced by the amount
of ADHIB protein produced and the metabolic activity of the
encoded protein, both of which are controlled by the ADHIB
haplotype. The relative roles of ADHIB protein produced, its
metabolic activity, and TNF-a expression on erythema (a*)
following EtOH, IPA, and PG exposure in vivo was evaluated
in cultured peripheral blood lymphocytes harvested from
ADHIB haplotypes A, B, C, D, E, and G in vitro (Figure 6a, b
and c, respectively). Erythema normalized for ADHIB
concentration (a*/[ADHIB]) was used as a surrogate marker
of protein metabolic activity.
Erythema (a*) following exposure to all three alcohols was
associated with large increases in ADHIB metabolic activity
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Figure 6. Erythema (a*) is produced by different mechanisms as a function of alcohol type and ADHIB haplotype. (a) EtOH: ADHIB concentration
(ADHIB/GAPDH, filled circle) r¼ 0.42, ADHIB activity (a*/(ADHIB/GAPDH), open circle) r¼ 0.89, TNF-a expression (TNF-a/b-actin, þ ) r¼0.58, from a
representative subject associated with ADHIB haplotypes A, B, C, D, E, and G. (b) IPA: ADHIB concentration (ADHIB/GAPDH, filled square) r¼ 0.47, ADHIB
activity (a*/(ADHIB/GAPDH), open square) r¼0.85, TNF-a expression (TNF-a/b-actin, þ ) r¼ 0.47 from a representative subject associated with ADHIB
haplotypes A, B, C, D, E, and G. (c) PG: ADHIB concentration (ADHIB/GAPDH), filled triangle) r¼ 0.72, ADHIB activity (a*/(ADHIB/GAPDH), open triangle)
r¼0.92, TNF-a expression (TNF-a/b-actin, þ ) r¼ 0.94 from a representative subject from ADHIB haplotypes A, B, C, D, E, and G.
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Figure 5. Erythema is produced with and without alterations in cutaneous
blood flow. (a) Linear chain alcohols: EtOH (closed circles) r¼ 0.87, ButOH
(open circles), r¼ 0.92 of one representative subject from each of six different
ADHIB haplotypes A, B, C, D, E, and G. (b) Branched chain alcohols:
IPA (open square) r¼ 0.84, PG (closed triangle) r¼ 0.53 from one
representative subject from each of six ADHIB haplotypes A, B, C, D, E, G.
Erythema measured as baseline-adjusted, control site-corrected a* value by
reflectance colorimeter. Skin blood flow measured as baseline-adjusted,
control site-corrected millivolts. Both parameters represented as mean7SEM
response 10minutes after residual alcohol removal.
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(open symbols) and smaller decreases in ADHIB protein
concentrations (filled symbols) in vitro. Increasing erythema
(a*) with EtOH (Figure 6a) and IPA (Figure 6b) exposure in
vivo was independent of TNF-a expression (þ ) in vitro,
supporting alcohol metabolism to aldehyde and its effect on
vasodilation as the mechanism of erythema induced by these
alcohols. Differences in erythema (a*) following EtOH vs IPA
exposure likely reflect differences in substrate binding to
ADHIB (Stone et al., 1993). In contrast, PG-induced erythema
(a*) was highly correlated with increasing ADHIB metabolic
activity (open triangle, r¼0.92) and increasing TNF-a
expression in vitro (þ , r¼ 0.94) (Figure 6c), supporting
alcohol metabolism coupled with cytokine-induced irritation.
Thus, different alcohols produced cutaneous erythema (a*) by
different mechanisms, but all involving ADHIB concentration
and metabolic activity with or without TNF-a as a function of
ADHIB haplotype.
DISCUSSION
Alcohols are often used in topical drug products to increase
the active ingredient solubility, thereby increasing the uptake
of the desired pharmacological agent into skin. Branched
chain alcohols (IPA) and diols (PG) are especially useful in
dermatologic formulations of glucocorticosteroids, retinoids,
vitamin D analogs, testosterone, and estrogen products.
These alcohols are generally assumed to be inactive and
therefore have no effect on the active ingredient’s pharma-
cological activity. Recent studies suggest, however, that these
topical ‘‘inactive ingredients’’ are associated with altered
glucocorticosteroid (Pershing et al., 1999 abstr.; Rausch
et al., 2001 abstr.) and capsaicinoid (Pershing et al., 2006)
responses in vivo.
SNPs in class I ADH are associated with many diseases
SNPs in the coding region of ADHIB (G143A in exon 3) are
associated with functional changes in the encoded protein
activity and increased risk for a variety of diseases, including
alcoholism (Bosron et al., 1993; Agarwal, 1997; Borras,
2000), cirrhosis (Chao, 1994), myocardial infarction (Hines
et al., 2001), fetal alcohol syndrome (Duester, 1991; McCarver
et al., 1997), noninsulin-dependent diabetes (Suzuki et al.,
2006), esophageal cancer (Chao et al., 2000), Parkinson’s
disease (Buervenich et al., 2000), alcohol-associated chronic
pancreatitis (Maruyama et al., 1999), and squamous-cell
carcinoma (Hori et al., 1997). This report provides early
evidence linking class I ADH SNPs with skin erythema.
We hypothesized that erythema associated with dermato-
logic products containing alcohol(s) may have an underlying
genetic basis associated with altered alcohol metabolism that
are controlled by polymorphisms in the 50 promoter and
coding regions ADHIB.
ADHIB haplotype frequencies in Caucasians vs Asians
The strong LD of SNPs in exon 3 of ADHIB with those in
exons 5 and 6 in ADHIC in the current population agree with
previous reports (Chen et al., 1999; Osier et al., 1999). The
variable frequency of SNPs in the 50 promoter of ADHIB and
ADHIC between Races, yet high LD between these SNPs
within and between each gene, however, was unexpected.
The majority of Asians evaluated were ADHIB G (88.2%),
containing the 50 promoter SNP C-739T and exon 3 SNP
G143A. In contrast, Caucasians had more ADHIB haplotypes,
with the greatest frequency being wild type at nt 143 in exon
3. The most common 50 promoter SNPs was C-739T (ADHIB
C, 44.3%), or C-887A (ADHIB B, 21.4%), or both (ADHIB D,
17.1%). Surprisingly, ADHIB A containing no SNPs repre-
sented only 4.3% of the current Caucasian population.
ADHIB E containing the G143A SNP only was more common
in Caucasians (2.9%) than Asians (0.0%). ADHIB F contain-
ing G143A and C-887A SNPs occurred in a similar frequency
in both Caucasians (4.3%) and Asians (5.9%). ADHIB
G containing the G143A and C-739T SNPs, was 20-fold
more prevalent in Asians (88.2%) than Caucasians (4.3%).
ADHIB H containing all three SNPs (C-887A, C-739T, and
G143A) was fourfold more prevalent in Asians (5.9%) than
Caucasians (1.4%).
ADHIB expression is associated with SNPs in NRE2
SNPs in the 50 promoter located within or near by a
known negative regulatory element (NRE2) influence ADHIB
transcription. The 15 bp sequence upstream of the previously
established region of the NRE2 (Yu et al., 1994) containing
the C-887A SNP as well as the 12 bp sequence from 734 to
745bp within the NRE2 region shares similarities with other
published NREs described in genes associated with immune
and inflammatory responses (Table 1). SNPs in the NRE2
region of the 50 promoter of ADHIB was associated with
increased ADHIB expression above wild type. These data
agree with promoter truncation in this region of mouse Adh-1
and derepression of mouse Adh expression (Yu et al., 1994).
ADHIB expression correlated with ADHIB production into
protein, and differed up to fivefold among ADHIB haplo-
types. Mouse strains also differ up to twofold in class I Adh
expression (Rex et al., 1987). SNPs in the coding region alone
would not be expected to alter ADHIB expression, yet the
well-known G143A SNP in exon 3 of ADHIB E was
associated with a twofold greater expression than wild type
ADHIB A, but twofold less expression than ADHIB B or C,
which contain the 50 promoter SNPs (C-887A and C-739T,
respectively) without the exon 3 SNP. SNPs at both 50
promoter locations (C-887A and C-739T) as well as the
G143A exon 3 SNP (ADHIB H) were associated with
decreased ADHIB expression and production.
Alcohol-induced alteration of ADHIB protein production
was associated with specific ADHIB haplotypes. The linear
alcohol, EtOH, produced similar ADHIB expression as
untreated basal conditions in all ADHIB haplotypes following
exposure to 1.5 mgml1 concentration (36mM) and is con-
sistent with low concentration EtOH effects observed in other
cell types (Chen et al., 1993; D’Souza et al., 1994; De Vito
et al., 2000; Nakatani et al., 2002). In contrast, increased
protein production following IPA exposure was greater than
after PG exposure as a function of ADHIB haplotype. Only
ADHIB C, containing the C-739T SNP was associated with
more protein concentration following both IPA and PG.
ADHIB G, containing both C-739T and G143A SNPs was
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associated with less protein after PG exposure. Thus, alcohol
type differentially influences protein production in associa-
tion with SNPs in the NRE of 50 promoter and G143A in exon
3 of various ADHIB haplotypes. These data suggest that
alcohol metabolites influence ADHIB transcription.
ADHIB haplotypes are associated with human skin blood flow
and erythema
Alcohol-induced changes in human skin blood flow and
erythema (a*) is alcohol type dependent and associated with
ADHIB haplotype. ADHIB haplotypes containing the G143A
SNP (ADHIB E, F, G, and H) are associated with greater
increases in skin blood flow and a coincident increased
erythema (a*) following exposure to linear alcohols, EtOH
and ButOH, than branched alcohols, IPA or PG. These data
are consistent with increased alcohol metabolism to alde-
hyde, causing increased skin blood flow and the resulting
erythema (a*) in vivo. In contrast, SNPs in the 50 promoter of
ADHIB without the exon 3 G143A SNP (ADHIB B, C, and D
haplotypes) are associated with minimal changes in blood
flow or erythema (a*) to all the alcohols evaluated. Only
ADHIB A, containing no SNPs, was associated with increased
erythema (a*) to EtOH, ButOH, and IPA. The better
discrimination of alcohol-associated changes in erythema
(a*) measured by the colorimeter compared to the laser-
Doppler velocimeter changes in skin blood flow have also
been observed in patch testing with mild chemical irritants
(Lahti et al., 1993), allergic chemicals (Gawkrodger et al.,
1991), and UV light exposure (Serup and Agner, 1990).
The branched alcohol, IPA, altered cutaneous blood flow
(millivolts) to a similar extent as EtOH, but with less
associated erythema (a*). ADHIB F containing the C-887A
and G143A SNPs was unique among ADHIB haplotypes, in
being associated with large changes in erythema (a*) without
changes in skin blood flow. In contrast, PG-induced
erythema (a*) was generally independent of skin blood flow
(millivolts). Reflectance colorimetry-detected erythema (a*)
without laser-Doppler velocimetry (LDV)-detected cutaneous
blood flow changes could reflect time-dependent changes in
alcohol metabolism. Different types of irritants can cause
variable changes in the two parameters as a function of time.
Cutaneous blood flow changes are induced early and
dissipate quickly, whereas erythema evolves over longer
time periods and remains at the site longer (Wahlberg, 1984).
Differential permeability of linear vs branched alcohol(s)
into skin could also alter the changes in erythema without
alteration in skin blood flow. Linear alcohols are lipophilic
and permeate the skin as a function of carbon number.
Permeability coefficient (Kp, cmhour
1) of the three carbon
propanol (1.4 cmhour1) is less than four carbon ButOH
(2.5 cmhour1), six carbon hexanol (13 cmhour1), or nine
carbon nonanol (60 cmhour1) (Blank et al., 1967). Short-
ening the carbon chain length and introduction of additional
polar groups lowers the permeability constant of branched
alcohols drastically (e.g., ButOH (2–4 cmhour1) vs 2,3-
butane diol (0.05 cmhour1) (Scheuplein and Blank, 1971).
Thus, decreased permeability of IPA and PG may effectively
lower their bioavailability to vascular endothelium over the
same exposure time period, thereby producing less concen-
tration-dependent changes on cutaneous blood flow com-
pared to EtOH or ButOH.
Erythema without skin blood flow changes following
topical exposure to linear vs branched alcohols could also
reflect different alcohol substrate binding to the ADHIB
protein, thereby altering their rate and extent of metabolism
to aldehyde and the resulting vascular responses. ADHIB
protein is known to efficiently metabolize primary alcohols
(Burnell and Bosron, 1989). ADHIB containing the G143A
SNP alters amino acid 48 (formerly described as amino acid
47) from arginine to histadine and is associated with a 20-fold
increase in Km and a 45-fold increase in Vmax (Bosron and Li,
1986). Increasing chain length of linear alcohols produces
similar Km and Vmax values (Stone et al., 1989). In contrast,
increasing chain length of branched alcohols decreases Km
and the efficiency of the catalytic activity (Vmax/Km) by
ADHIB (Stone et al., 1989). Thus, increased binding and
metabolism of linear alcohols produces greater increases in
cutaneous blood flow than branched alcohols.
Differences in cutaneous erythema with and without
associated changes in blood flow could also be influenced
by depth of light penetration by reflectance colorimetry vs
laser-Doppler velocimetry. Laser-Doppler velocimetry de-
tects changes in skin blood flow at the pre-arteriole depth in
skin as evidenced by its sensitivity in detecting vasoconstric-
tion by phenylephrine in vivo (Pershing et al., 1989), but not
skin blanching (unpublished personal observations) or septal
nasal blood flow following glucocorticosteroid nasal sprays
(Cervin et al., 2001). These data are consistent with
mediation of IPA and PG-induced skin responses at
capillaries located superficially to pre-arterioles and thus
would not be detected by LDV.
PG-induced erythema (a*) correlated with increased in
vitro TNF-a expression but not blood flow. TNF-a plays a
pivotal role in inflammatory processes, upregulating cytokine
expression in immune responses (Gottlieb, 2001). TNF-a
increases vascular permeability and angiogenesis (Diaz et al.,
2000) by inducing vascular endothelial growth factor. These
vascular changes, however, are not associated with laser-
Doppler velocimeter-detected changes in cutaneous blood
flow (personal observation). In contrast to PG, IPA increased
cutaneous blood flow and erythema (a*) independent of TNF-a
expression. IPA may therefore be associated with upregulation
of another proinflammatory cytokine or other unknown
mechanism. Detection of erythema (a*) independent of
cutaneous blood flow changes further suggests that PG- and
IPA-induced erythema is located superficial to pre-arteriole
changes in blood flow detected by laser-Doppler velocimeter.
Increased cutaneous blood flow (millivolts) in conjunction
with erythema (a*) reflects rapid alcohol metabolism to
aldehyde in vivo and is associated with ADHIB E, F, G, and
H, which contain the G143A SNP. Decreased reflectance
colorimeter a* values (skin blanching) are associated with
slow alcohol metabolizing ADHIB B, C, and D and reflect
increased TNF-a expression to the parent alcohol. Erythema
and increased cutaneous blood flow following topical EtOH,
ButOH, and IPA challenge in ADHIB A, containing no SNPs,
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suggests that some alcohols may have direct effects on
additional proinflammatory genes other than TNF-a.
Conclusions
SNPs in the 50 promoter and coding region (G143A) of
ADHIB form ADHIB haplotypes that are associated with
altered gene expression and translation into protein. Eight
ADHIB haplotypes exist in Caucasians, with the highest
frequencies (44.3, 21.4, and 17.1%), containing the 50
promoter C-739T SNP (ADHIB C), the C-887A SNP (ADHIB
B), or both (ADHIB D), respectively. Only three ADHIB
haplotypes were identified in the evaluated Asian population
with the highest frequency (88.2%) containing the 50
promoter SNP C-739T and exon 3 SNP G143A (ADHIB G).
ADHIB E, F, G, and H containing the coding region SNP
G143A, are highly associated with increased cutaneous
blood flow and erythema in vivo following exposure to
linear alcohols, EtOH and ButOH, but not branched
alcohols, IPA or PG. The extent of skin blood flow alteration
and erythema was modulated by the presence of SNPs in
the 50 promoter, which regulates the amount of protein
produced. Thus, SNPs in both non-coding and coding regions
of ADHIB influence expression and activity of the protein.
Furthermore, these ADHIB haplotypes can be differentiated
noninvasively by their ability to metabolize linear vs
branched alcohols in human skin in vivo by LDV and reflectance
colorimetry. Erythema with branched alcohols in some ADHIB
haplotypes was independent of changes in cutaneous blood
flow, supporting the concept that erythema, like the skin
blanching response, is associated with increased capillary
permeability that is superficial to the pre-arteriole blood flow
changes manifested by EtOH and ButOH detected by LDV.
MATERIALS AND METHODS
Human subjects
The University of Utah medical ethical committee approved all
described studies. The human studies were conducted according to
the Declaration of Helsinki Principles. Eighty-seven male or female
subjects, aged 18–65 years, were enrolled in the described studies
after providing written informed consent. Enrolled subjects were
from various racial/ethnic groups: 17 Asians (7 males, 10 females),
70 Caucasians (22 males, 48 females). Subjects were remunerated
for peripheral blood sample donation and participation in the skin
blanching response studies.
SNP identification
Genomic DNA was isolated from peripheral blood samples by the
General Clinical Research Center (GCRC) at the University of Utah
using a DNA purification kit (Gentra Systems, Minneapolis, MN).
DNA samples were stored at 201C until use. Seven SNPs in ADHIB
or ADH2 (OMIM 103720) and three SNPs in class IC ADH (ADHIC
or ADH3; OMIM 103730), respectively, were evaluated in genomic
DNA from the enrolled subjects. Areas of gene(s) containing the 10
known SNPs (www.genome.utah.edu/genesnps/) were amplified
using PCR (Techne, Burlington, NJ) with forward and reverse
flanking primers (Integrated DNA Technologies Inc., Coralville, IA)
designed in-house (Table S1). PCR products were generated
using BIOLASETMDNA polymerase kit (Bioline, Randolph, MA) with
in-house prepared 15mM MgCl2 PCR buffer. Four-hundred
nanogram samples of DNA were used in the assay. The resulting
PCR products were confirmed for purity by gel electrophoresis
before submission to the Institutional DNA Sequencing Core Facility
for direct sequencing using capillary gel electrophoresis.
Haplotyping methods
Haplotypes were established using the enrolled subjects with
Quickstart (http://archimedes.well.ox.ac.uk/pise/quickstart.html and
Phase v.2.02 (http://archimedes.well.ox.ac.uk/pise/PHASE-sim-
ple.html) web available computer software (Stephans et al., 2001;
Stephans and Donnelly, 2003). Only those SNPs having a frequency
above 5% in the study population were used to establish the
haplotype and evaluate LD. SNPs demonstrating high LD within
ADHIB or between ADHIC and ADHIB (D040.8) were removed
from the haplotype analysis. Thus, three SNPs in ADHIB (C-887A,
T-739C, and G143A were used to establish ADHIB haplotypes.
ADHIB western assay
ADHIB protein was isolated from the lymphocyte cultures as per
instructions using NE-PER nuclear and cytoplasmic extraction
reagent (no. 78833, Pierce Biotechnology, Rockford, IL). Twenty
micrograms of protein samples were separated by 4–12% Bis-Tris gel
(Invitrogen, Carlsbad, CA) electrophoresis at 180V for 1 hour at
room temperature (RT). The proteins in the gel were transferred onto
polyvinylidene difluoride membranes (Millipore, Bedford, MA) using
32V at 41C for 1.5 hours. Nonspecific binding was blocked using 5%
powdered milk dissolved in TBS buffer for 2 hours. Membranes were
then incubated with 1:2,000 primary rabbit anti-human ADHIB
antibody at 41C overnight, (kindly supplied by Dr Hoog, Karolinska
Institute, Stockholm, Sweden). Membranes were washed at RT in
1 TBS-T six times, 10minutes each, before incubation with the
1:2,000 secondary goat anti-rabbit IgG horseradish peroxidase-
linked antibody (no. 7074, Cell Signaling Technology, Beverly, MA)
at RT for 2 hours. Membranes were washed again with 1 TBS-T
buffer six times 10minutes each. Membrane protein concentrations
were quantified after soaking the membrane in SuperSignal West
Pico chemiluminescent substrate (Pierce, Rockford, IL) for 5min at
RT followed by a 1minute RT exposure in an imaging instrument (Image
Station 2000R, Eastman Kodak Company Scientific Imaging Systems,
New Haven, CT). All data were normalized to glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) using a 1:4,000 monoclonal
primary mouse anti-human GAPDH antibody (no. MMS-5805-200,
Covance, Berkeley, CA) and 1:2,000 secondary anti-mouse IgG (A-3682
Fab-specific, Sigma, St Louis, Mo). Raw data are presented in Table S1.
Gene expression assay
To evaluate the association of one coding and two non-coding SNPs
alone and/or in combination with ADHIB protein production,
cultured lymphocytes were isolated from peripheral blood of seven
enrolled subjects previously assessed for ADH haplotype. All
subjects were wild type for aldehyde dehydrogenase 2 (ALDH2).
Lymphocytes were Epstein–Barr virus immortalized by the Institu-
tional GCRC (Pelloquin et al., 1986). Following transformation,
lymphocytes were stored at 801C until cultured.
Lymphocytes were cultured with 15% charcoal-filtered,
dextran-treated fetal bovine serum (HycloneTM, Ogden, UT) in 85%
RPMIþ glutamine at 371C under 5% CO2 in sterile 75 cm2 plastic
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flasks (FalconTM, BD Sciences, San Jose, CA) to 80% confluence (105
cells/ml). Six milliliters of the cell culture were then transferred into
each well of a sterile, flat bottom six-well tissue culture plate
(Sarstedt, Newton, NC) and grown to 80% confluence. Twenty-four
hours before experimentation, fetal bovine serum was removed from
the culture media. Cultured lymphocytes were exposed to various
alcohol treatments in duplicate overnight (18 hours): untreated
control (phosphate-buffered saline), EtOH (9 mg), IPA (6.5 mg), and
PG (7.6 mg). Alcohol doses were calculated based on anticipated
alcohol concentration achieved in the epidermis from in vitro
diffusion parameters. In vitro cell viability was verified to be greater
than 99% following exposure to all alcohol(s) evaluated by trypan
blue dye exclusion assay. Total protein was isolated from the various
lymphocyte samples using NE-PER nuclear and cytoplasmic extraction
reagent (no. 78833, Pierce Biotechnology, Rockford, IL). RNA was
isolated from the lymphocyte cultures using TRIzol (Invitrogen),
respectively, and submitted to reverse transcription PCR and PCR assays.
PCR primers for the 50 promoter and exon 3 SNPs in ADHIB
(Table 1) were designed in-house and used as purchased at 10 pM per
reaction (Integrated DNA Technologies Inc., Coralville, IA). Two
micrograms of RNA and reverse transcriptase (M-MLV, Invitrogen)
was used to generate ADHIB complementary DNA (Techne,
Burlington, NJ). The resulting complementary DNA was stored at
201C until use. complementary DNA was amplified for the gene of
interest by PCR. PCR products were purified using MinEluteTM
(Qiagen Sciences, Valencia, CA) before quantification by 260 nm
UV spectrophotometry. All data were normalized to b-actin.
Topical alcohol challenge test
Fifty-two subjects of various ADHIB haplotypes were evaluated for
alcohol-associated changes in cutaneous blood flow and erythema.
The randomization schedule for alcohol application for each subject
was determined in Excel spreadsheet using the available randomiza-
tion method (MS Office OSX, Redmond, WA). In this way, all
alcohols were evaluated at a 5M aqueous alcohol concentration
simultaneously, in the same subject, in the same study group, to
minimize temporal variability.
Topical exposure to alcohol(s) has been previously shown to
produce greater cutaneous blood flow increases by Doppler
velocimetry in Asian than Caucasian subjects (Wilkin and Fortner,
1986). Increased millivolt output from a treated skin site is associated
with increased blood flow reflecting increased alcohol metabolism
to aldehyde and the resulting vasodilation. Cutaneous blood flow
was quantified using a laser-Doppler velocimeter (Med Pacific
CR2000, Seattle, WA). Increased alcohol metabolism following a
5minutes exposure to various 5 M aqueous alcohol solutions is
associated with a ‘‘flushing response’’ (Wilkin and Fortner, 1986) or
erythema that can be objectively quantified with a reflectance
colorimeter (Minolta Chroma meter CR200 (Ramsey, NJ) as an
increase in a* scale of the L*a*b* uniform color space (Prins et al.,
1998; Pershing et al., 2006). We hypothesized that the extent of the
flushing response was associated with ADHIB haplotype. Thus,
flushing (erythema) measured as an increase in a* scale of the L*a*b*
uniform color space by a reflectance colorimeter (Minolta Chroma
Meter CR200, Ramsey, NJ) was independent of the blood flow
changes. Changes of 1.0 a* unit by the instrument method is
approximately equal to a þ 1 unit change by visual assessment
(personal observation, data not shown). Both colorimeter-assessed
skin color (a*) and LDV-assessed blood flow (millivolts) are surrogate
bioengineering markers for skin erythema and are variable in the
human volar forearm as a function of the test site location and time
of day (unpublished results). Thus, all skin data was baseline-
adjusted and control site-corrected for both parameters.
Four alcohols (Spectrum Chemical Manufacturing Corp, Gar-
dena, CA) were topically evaluated on human forearms for their
ability to change cutaneous blood flow (LDV millivolts) and skin
color (a*): linear chain alcohols, dehydrated EtOH and 1-butanol
(ButOH), a branched chain three carbon alcohol, 2-propanol or IPA
and the three carbon diol, 1,2-propane diol or PG. Each 5 M aqueous
alcohol solution was freshly prepared in double distilled water
before use in the assay.
The IQ chamber patch testing system (Chemotechnique Diag-
nostics AB, Malmo, Sweden) was used for the alcohol exposures.
Ten 9 9mm chambers contained in a stiff additive-free poly-
ethylene plastic are supplied on a tape backing, thus allowing
evaluation of the four alcohols and untreated sites in duplicate.
Specific alcohol(s) and untreated placement on the volar forearm
was randomized for each subject using Excel (Microsoft Office
2000). The distance between individual chambers is 12mm in the
row and 20mm between the rows. The patch testing system was
placed a minimum of 3 cm above the wrist fold and 3 cm below the
antecubital fossa to obviate large differences in cutaneous blood
flow on the volar forearms. The plastic containing 10 chambers per
system was used to demarcate each individual test site on the volar
forearm. One hundred twenty-five microliters of each 5M alcohol
solution or distilled water (untreated control) was pipetted onto the
absorbant pad within each test chamber immediately before
placement on previously demarcated locations on the volar forearm
for 5minutes. (Note: a 70% alcohol wipe contains 11.6 M IPA.) Skin
test sites were exposed to the alcohol solution(s) for 5minutes.
Alcohol exposure was terminated by removing the chambers and
blotting the exposed skin site with Kimwipe tissue (Kimberly-Clark
Corp, Roswen, GA). One hour was required per subject to complete
the challenge test. Skin color (erythema a*) and cutaneous blood
flow (millivolts) were quantified at each skin site before alcohol(s)
exposure, and again immediately after residual alcohol removal and
again 10minutes later. Data are presented as the mean response of
each associated ADHIB haplotype.
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